Endocrine dysfunction and parameters of metabolic syndrome were assessed in 91 patients aged 4.3-32.5 years who underwent allogeneic or autologous BMT in childhood. Final short stature, found in five of the 35 patients who attained final height, was associated with the underlying disease (specifically, Fanconi anemia) (P ¼ 0.0013), previous cranial irradiation (P ¼ 0.0007), type of conditioning irradiation (Po0.05) and allogeneic BMT (P ¼ 0.05). Growth hormone deficiency (n ¼ 10) was associated with previous cranial irradiation (Po0.005) and conditioning total body irradiation (Po0.001). Twelve patients had primary hypothyroidism, one had hyperthyroidism and one papillary thyroid carcinoma. Hypothyroidism was associated with neck/mediastinal (Po0.005) and conditioning irradiation (Po0.05). Primary gonadal failure was found in 24 of the mature patients (62.5% females). Hypogonadism was associated with the underlying disease (especially hematological malignancies) (Po0.05), pretransplant treatment (Po0.05), irradiation conditioning (Po0.001), older age (Po0.005) and advanced pubertal stage at BMT (Po0.05). Obesity (body mass index 42 s.d.) was found in 4.4% and type II diabetes and impaired glucose tolerance in 3.3% each. Dyslipidemia was found in 27.9% of the 43 patients tested. These findings emphasize the need for long-term follow-up of endocrine and metabolic parameters in young patients after BMT in order to offer proper treatment and improve quality of life.
Introduction
The use of BMT, including allogeneic and autologous transplantation of stem cells from bone marrow, peripheral blood and umbilical cord blood, has increased dramatically in recent years. Currently, BMT is applied mainly to treat poor-prognosis leukemia, in addition to specific solid tumors in children, and it is also effective in curing a growing spectrum of hematological, immunological, genetic and metabolic nonhematological diseases.
The number of long-term survivors of BMT is steadily increasing, creating an enlarging pool of children and young adults who are at risk of organ failure owing to the aggressive treatment of their primary disease, the pre-BMT conditioning regimen, or the treatment post stem cell transplantation. Pretransplant conditioning regimens are designed to suppress the immune system in order to promote engraftment, and to eradicate residual malignant cells in patients with cancer. They generally consist of highdose cyclophosphamide, alone or in combination with total body irradiation (TBI) or high-dose busulfan.
The endocrine organs are well known to be sensitive to both cytotoxic drugs and radiation. 1, 2 High rates of skeletal complications, 3 growth disturbances, 4 and thyroid 5, 6 and gonadal dysfunction 7 have been described in survivors, although data on the frequency of metabolic syndrome are still sparse. 8 The relative risk of these complications is likely to be influenced by the underlying disease, previous treatments, post-BMT treatments and age at BMT. 7 In both children and adults, attention is now being focused on these late complications, which may affect health and lower their quality of life.
The aim of the present retrospective long-term analysis was to assess endocrine dysfunction and parameters of metabolic syndrome and their risk factors in survivors of BMT performed during childhood and adolescence attending a referral center in Israel.
Patients and methods
We reviewed the clinical charts of all patients who underwent allogeneic or autologous BMT between 1987 and 2003 and were available for follow-up for at least 1 year after their transplant at the Bone Marrow Transplantation Unit and the Pediatric Institute for Endocrinology and Diabetes of Schneider Children's Medical Center of Israel. Ninety-one disease-free patients, 52 male and 39 female, were eligible for the study. Ages ranged from 4.3 to 32.5 years. Their characteristics are summarized in Table 1a and b. Mean age at diagnosis of the underlying disease was 5.675.14 years (range, 0.1-18.5). The indications for BMT were as follows: hematological malignancy (44.2%), namely, ALL (n ¼ 10), AML (n ¼ 22), CML (n ¼ 4), and Hodgkin's lymphoma (n ¼ 8); solid malignant tumor (28.8%), namely, neuroblastoma (n ¼ 16), sarcoma (n ¼ 4), meduloblastoma (n ¼ 2), Wilms tumor (n ¼ 1), germ cell tumor (n ¼ 1) and hepatoblastoma (n ¼ 1); and other diseases (26.9%), namely, aplastic anemia (n ¼ 5), Fanconi anemia (n ¼ 4), b-thalassemia major (n ¼ 9), WiskottAldrich syndrome (n ¼ 2) and hemophagocytic syndrome (n ¼ 2). Pretransplant therapy for the underlying disease consisted of chemotherapy alone in 60 patients (65.9%), or combined with irradiation (cranial, cranio-spinal or mediastinal) in 10 (11%); the remaining 21 patients (23.1%) were not treated with chemotherapy or radiation before BMT. Twenty-seven patients received corticosteroid therapy for a period longer than 4 weeks as part of the pretransplant regimen.
The mean age of the whole group at BMT was 7.475.2 years (range, 0.6-21.5), and the mean duration of follow-up after BMT was 6.273.5 years (range, 1-22.5). Stem cell transplants were of autologous origin in 46 patients (50.5%) and of allogeneic origin, including cord blood, in 45 patients (49.5%).
In 18 patients, the conditioning regimen before BMT consisted of irradiation combined with cyclophosphamide and/or other drugs (busulfan, melphalan, VP-16 or antithymocytic globulin). Fourteen patients received TBI at a dose of 12 Gy in six fractions; one received cranial irradiation at a dose of 7 Gy; and three patients with Fanconi anemia received 4-5 Gy thoraco-abdominal irradiation (TAI). The other patients received conditioning chemotherapy (cyclophosphamide and/or busulfan, melphalan, carboplatinum, thiotepa or VP-16) or antithymocytic globulin without irradiation. Most patients received a short course of methotrexate together with cyclosporine for graft-versus-host disease (GVHD) prophylaxis. Patients who received cord blood transplants were given steroids for 4-6 weeks. Chronic GVHD was present in nine patients who underwent allogeneic or cord blood transplantation (20%).
Data on medical and family history, including parental anthropometric measurements and family history of type II diabetes or ischemic heart disease, were obtained for all subjects. Physical examination included measurement of height (with a Harpenden-Holtain stadiometer) and weight, investigation for presence of acanthosis nigricans Table 1a Clinical characteristics of patients treated with BMT Physical examination was repeated annually after BMT. Height was expressed as standard deviation score (SDS) for age and gender. 11 Short stature was defined as height oÀ2 s.d. Parental height was measured, and the corrected midparental height (target height) was calculated. Final height was defined by bone age X15 years in female patients and 17 years or more in male patients.
Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. To compare BMI values across different ages and by sex, the BMI-SDS was calculated. Obesity was defined as BMI 42 s.d.
Failure of spontaneous puberty was defined as the absence of breast development in girls at 13 years of age or more 12 and of testicular enlargement in boys at 14 years or more. 13 Arrested puberty was defined as lack of advancement of puberty for longer than 1 year, with no advancement to Tanner stage 4-5 after age 16 years. Secondary amenorrhea was defined as the absence of menses for 12 months or longer after menarche.
The annual laboratory assessment included fasting glucose, uric acid, liver enzymes, thyroid function (assessed by thyroid stimulating hormone (TSH) and free thyroxine (FT4)). Patients with elevated levels of liver enzymes (alanine aminotransferase and/or aspartate aminotransferase and gamma glutamyl transferatse X40 U/l) were tested for the presence of hepatitis C and hepatitis B virus.
Forty-three of the 58 patients older than 10 years were tested for fasting triglycerides, total cholesterol, highdensity lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C). Dyslipidemia was defined as LDL-C 4130 mg/dl and/or HDL-C o35 mg/dl and/or triglycerides 4200 mg/dl.
Hypothyroidism was defined as FT4 o10.5 pmol/ml (normal, 10.5-25) with TSH 44.0 mIU/l (normal, 0.5-4.0). Hypogonadism secondary to gonadal dysfunction was defined as an either basal follicle-stimulating hormone (FSH) level of 415 IU/l or basal luteinizing hormone (LH) level of 410 IU/l, with decreased levels of estradiol in girls and testosterone in boys (interpreted according to pubertal stage), or a need for sex hormone replacement. Diabetes mellitus was diagnosed if fasting blood glucose was 4126 mg/dl (46.99 mmol/l) or two random blood glucose measurements were greater than 200 mg/dl (411.1 mmol/l); impaired glucose tolerance (IGT) was diagnosed if blood glucose levels were 140-199 mg/dl (7.77-11.04 mmol/l), 2 h after an oral glucose tolerance challenge test (OGTT).
Growth hormone (GH) deficiency was defined as a GH level of o10 ng/ml in response to stimulation with clonidine HCl (0.15 mg/m 2 ) or glucagon (30 mg/kg). The tests were performed in patients with short stature (height oÀ2 s.d.) or reduced growth rate with marked growth deceleration (growth velocity o25th percentile for age).
For the biochemical study, serum glucose was measured by the glucose oxidase colorimetric method using an automated analyzer (Hitachi 917, Roche Diagnostics, Mannheim, Germany). Total cholesterol, triglycerides and HDL-C concentrations were measured by an enzymatic colorimetric method on an automated analyzer (Hitachi 904, Roche Diagnostics). We measured testosterone with a commercial radioimmunoassay (Diagnostic Products Corp., Los Angeles, CA, USA) and TSH, FT 4 , LH, FSH and GH with a chemiluminescent enzyme immunoassay (Diagnostic Products Corp., Los Angeles, CA, USA).
Statistical analysis
The statistical analysis was performed using BMDP software.
14 Continuous variables were compared across groups using analysis of variance (ANOVA), with Bonferroni correction for multiple comparisons. Associations between discrete variables were analyzed with Pearson's w 2 test or Fisher's exact test, as appropriate. Stepwise logistic regression analysis was used to determine the most significant factors associated with hypogonadism. A Pvalue of p0.05 was considered significant.
Results

Growth and growth hormone
Mean height-SDS of the whole group at their last evaluation was À0.7471.23; 16.5% had short stature (height-SDS o À2). Four of the patients with short stature had received corticosteroid therapy for longer than 4 Endocrine dysfunction after BMT during childhood S Shalitin et al
weeks. There was a significant association between short stature and irradiation as part of the conditioning regimen (Po0.05). Thirty-five patients (38.5%) had attained final adult height at the last evaluation; five (14.3%) of them had short stature. Mean final height was 170.879.6 cm in the male patients (n ¼ 17) and 161.277.2 cm in the female patients (n ¼ 18); the mean mid-parental height was 173.475.5 and 161.776.2 cm, respectively. The difference between the mean final height and the mid-parental height in these patients was not significant.
Final short stature was significantly associated with the underlying disease (specifically Fanconi anemia) (P ¼ 0.0013), previous cranial irradiation (P ¼ 0.0007), type of conditioning irradiation (especially TBI and TAI) (P ¼ 0.023) and allogeneic origin of transplant (P ¼ 0.05). It was not associated with use of corticosteroid therapy for the underlying disease, type of conditioning chemotherapy, presence of GVHD or age at BMT (Table 2) .
Ten patients (11%) were diagnosed with GH deficiency at a mean age of 11.573.2 years (range, 5.5-15) and were treated with recombinant human GH. Mean height-SDS of the patients with GH deficiency was À1.3871.2, compared to À0.6671.22 in those without documented GH deficiency. There was no difference between the groups in age at BMT (6.574.3 vs 7.5275.3 years), time since BMT (9.376.2 vs 5.872.9 years), or origin of transplant. The presence of GH deficiency was significantly associated with corticosteroid therapy for the underlying disease (Po0.005), previous cranial irradiation (Po0.005), and conditioning with TBI (Po0.001). It was not associated with the underlying disease, type of conditioning chemotherapy or presence of GVHD (Table 3) . On stepwise logistic regression analysis of the significant variables associated with GH deficiency, conditioning with TBI (odds ratio (OR) 37, 95% confidence interval (CI) 5.94-231) proved to be most predictive. Five of the patients with GH deficiency had attained final adult height at the last evaluation, their mean final height-SDS was À1.1371.32.
Thyroid dysfunction
Twelve patients (14%) were diagnosed with primary hypothyroidism (elevated TSH and low FT4 levels) at a mean age of 9.976.3 years (range, 0.3-19), after a mean duration of 7 years after BMT. All were treated with l-thyroxine. None had elevated levels of antiperoxidase or antithyroglobulin antibodies. There were no cases of compensated hypothyroidism (elevated TSH level with a normal FT4 level). One patient was diagnosed with hyperthyroidism 1.5 years after BMT and is being treated with propylthiouracil. This patient did not have GVHD.
There was no difference in the prevalence of hypothyroidism between male and female patients, and no difference in age at BMT and follow-up interval after BMT between patients with and without hypothyroidism (mean age at BMT: 7.975.3 vs 775.1 years, respectively; mean interval after BMT: 774.1 vs 6.173.5 years, respectively). Hypothyroidism was significantly associated with neck/ mediastinal irradiation therapy for the underlying disease (Po0.005) and irradiation as part of the conditioning regimen (Po0.05), but not with the underlying disease, corticosteroid therapy for the underlying disease, type of conditioning chemotherapy, origin of transplant or presence of GVHD.
One patient was diagnosed with papillary thyroid carcinoma at age 30 years (15.5 years after BMT with TBI conditioning). Treatment consisted of total thyroidectomy and radio-iodine ablation therapy.
Gonadal function and puberty
Females. At the time of BMT, 29 of the 39 girls were prepubertal, three had begun puberty and seven were Table 2 Clinical characteristics of patients according to final height-SDS (Table 1a) . By the time of the last evaluation, 28 girls had either reached the age of 13 years or begun spontaneous puberty at a mean age of 10.671.1 years. Fifteen of them (53.6%) were diagnosed with hypogonadism at a mean age of 14.772.7 years, including three who failed to attain puberty, three with arrested puberty and nine with secondary amenorrhea and evidence of gonadal dysfunction. Primary gonadal failure was accompanied in all patients by abnormally elevated levels of FSH and/or LH. All these patients received hormone replacement therapy.
Males. At the time of BMT, 40 of the 52 boys were prepubertal, six had begun puberty and six had attained Tanner stage 5 (Table 1a) . By the time of the last follow-up visit, 31 boys had either reached the age of 14 years or begun spontaneous puberty at a mean age of 11.671.4 years. Nine (29%) of the 31 patients were found to have biochemical or clinical evidence of hypogonadism at a mean age of 15.272.2 years, including two who failed to attain puberty, five with arrested puberty and two with evidence of gonadal dysfunction. Sperm evaluations were not routinely performed. Male patients with inappropriately low testosterone levels were treated with monthly testosterone enanthate injections. Female patients accounted for 62.5% of the patients with primary gonadal failure. In both male and female patients, there was a significant association between presence of hypogonadism and the underlying disease, especially hematological malignancies in female patients (Po0.05), and its treatment (Po0.05), receipt of irradiation therapy as part of the conditioning regimen (Po0.001) and advanced pubertal stage at BMT (Po0.05). Patients who had hypogonadism were significantly older at BMT than those who did not (10.974.8 vs 7.274.6 years, Po0.005). We did not find a significant association between hypogonadism and origin of transplant (autologous vs allogeneic) or type of conditioning chemotherapy (Table 4) , even when we compared patients receiving busulfan-containing and non-busulfan regimens. On stepwise logistic regression analysis of the significant variables associated with hypogonadism, advanced Tanner stage at BMT (OR 1.56, 95% CI 1.03-2.37) and conditioning irradiation (OR 16.4, 95% CI 2.92-92.1) proved to be most predictive.
Diabetes mellitus and parameters of metabolic syndrome
Mean BMI-SDS of the whole group at their last evaluation was 0.2671.06; four patients (4.4%) had a BMI-SDS of 42. Mean BMI of the mothers was 26.775.8 and of the fathers 26.573.0. There was no difference in age at BMT or duration as BMT between patients with a BMI-SDS of more or less than 2. In addition, no association was found between BMI-SDS at the last evaluation and the underlying disease or its treatment, use of corticosteroid therapy for more than 4 weeks as a pretransplant treatment, or type of BMT conditioning. Only two patients (2.2%) had acanthosis nigricans.
Dyslipidemia was found in 27.9% of the 43 patients tested: LDL-C level was 4130 mg/dl in nine patients (20.9%); HDL-C level was o35 mg/dl in four patients (9.3%) and triglyceride level was 4200 mg/dl in five patients (11.6%). Hyperuricemia (uric acid 47 mg/dl) was found in six patients (6.6%).
Three patients (3.3%) were diagnosed with type II diabetes mellitus and three (3.3%) with IGT at a mean age of 21.576.1 years (range, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . A BMI-SDS of o2 was noted in all three patients with diabetes and in two of the three patients with IGT. Age at BMT was similar in patients with and without diabetes, although in the diabetic group, the mean duration since BMT was longer (18.773.4 vs 5.872.7 years, Po0.05). Presence of diabetes or IGT was not associated with origin of the transplant. Two Table 3 Clinical characteristics of patients according to GH status 16 This variability in final height outcome may be attributable to the different patient ages at BMT, as the risk of impaired growth is highest in the youngest children. 17 However, we failed to note an association of younger age at BMT with height loss. In our group, the mean final height of the patients was not significantly different from their mid-parental height.
It is likely that a multitude of factors interact to cause impaired linear growth following BMT in children and adolescents. Potential mechanisms include the direct impact of combination chemotherapy and/or radiation on the skeleton with skeletal dysplasia, corticosteroid therapy, GVHD, radiation-induced GH deficiency and hypothyroidism. The situation is further complicated in patients receiving cranial irradiation for the underlying disease.
We found that disturbed growth was significantly associated with conditioning irradiation, as previously reported, 18, 19 but not with the type of non-TBI conditioning chemotherapy, similar to findings in most of the earlier studies. 20, 21 However, Bakker et al. 15 noted an association of impaired growth with busulfan/cyclophosphamide conditioning. They speculated that the 'toxic' actions of corticosteroids on the epiphyseal growth plate can persist in part even after their administration is ceased. Nevertheless, in our cohort, final short stature was not associated with use of corticosteroid therapy, perhaps owing to the relatively short term of the therapy.
We did not find an association of short stature with GVHD, as opposed to Sanders et al. 19 who explained their positive finding by both the disease process itself and the prolonged steroid therapy it warrants. We also failed to note an association of younger age at BMT with height loss, in contradiction to previous studies. 16, 17 This discrepancy may be attributed to the low percentage of our patients (38.5%) who had attained final height by the time of the study.
In our cohort, final short stature was associated with the underlying disease, especially Fanconi anemia, which is known to have a high incidence of short stature. Thus, is possible that growth after BMT in patients with Fanconi anemia was affected by their constitutional factors. We also found a significant association between final short stature and allogeneic origin of the transplant, as previously described. 5, 15 However, this might be explained by the fact that all our patients with Fanconi anemia underwent allogeneic BMT. 
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Corticosteroid excess may blunt GH secretion. 22 We found a significant association between GH deficiency and corticosteroid therapy, administered as part of the treatment protocol of the underlying disease, although the GH deficiency was diagnosed at least 3 years after corticosteroids were discontinued. Many studies have reported a significant incidence of GH deficiency following cranial irradiation, 19, 23 and also after TBI. 24 This association was documented in our group as well. Growth hormone treatment after BMT has usually been reported to result in increase in growth velocity, albeit a smaller one than in children with idiopathic GH deficiency, which is probably caused by the lesions induced by TBI. 25 All our patients diagnosed with GH deficiency were treated with recombinant growth hormone (rGH), which had a beneficial effect on growth. Based on our results, we suggest that rGH be administered to children with a decreased growth rate and low GH values on stimulation tests, presuming that other hormones necessary for optimal growth are adequately replaced.
Thyroid dysfunction
Thyroid dysfunction has been reported to occur in both children 26, 27 and adults after TBI, with a greater risk among younger patients. 28 The most common type of thyroid dysfunction in long-term survivors of BMT is subclinical compensated or overt hypothyroidism, whose frequency seems to be related to the use of the conditioning therapy, including TBI. Although hypothyroidism is usually a relatively early complication of BMT, it can also manifest years later.
In our group, 14% of the patients had primary hypothyroidism, similar to the incidence reported by Bouland et al. 29 and Legault and Bonny. 5 Mean age at diagnosis was 9.976.3 years. We found a significant association of hypothyroidism with neck/mediastinal irradiation for the underlying disease and irradiation as part of the conditioning, but not with age at BMT, time since BMT, or type of conditioning chemotherapy. Au et al. 30 reported the occurrence of autoimmune thyroid dysfunction after hematopoietic stem cell transplantation, but none of our patients with hypothyroidism had elevated levels of antiperoxidase or antithyroglobulin antibodies. This discrepancy may be explained by the different human lymphocyte antigens associated with autoimmune thyroid diseases in different populations. Annual testing is recommended, as many of these patients are relatively asymptomatic.
The risk of thyroid tumors after irradiation is known to be dose related. 31 Furthermore, the thyroid gland is especially sensitive to the effects of irradiation at a very young age. 32 The latency period between thyroid irradiation and the clinical presentation of a thyroid tumor may be many years. Socie et al. 32 reported an incidence of 0.2% of thyroid carcinoma among 3182 children after BMT, with a strong relationship between the occurrence of thyroid cancer and age at BMT. Ishiguro et al. 28 reported a high incidence of thyroid adenoma after BMT. However, we found only one case of thyroid tumor (papillary carcinoma) in a patient who underwent BMT at age 14.5 years. This difference may have been due to our previous policy of performing thyroid ultrasound only in patients with palpable thyroid nodules or suspicious consistency of the thyroid gland, and in patients treated with neck or mediastinal irradiation. By contrast, Ishiguro et al. 28 performed thyroid ultrasound annually in many of their patients. Our new suggested surveillance approach includes thyroid palpation with performance of thyroid ultrasound in patients with a suspicious consistency of the thyroid gland, or annually in patients after neck, thoraco-mediastinal irradiation or TBI.
Puberty and gonadal function Pubertal disturbances after BMT are caused by damage to the 'central unit' of the hypothalamus-pituitary region or 'peripheral' damage to the gonads. The central unit can be functionally damaged by cranial irradiation, leading to impaired gonadotropin secretion. Gonadal damage is also a well-known side effect of alkylating agents, such as busulfan, cyclophosphamide and melphalan. 20 Primary gonadal failure was the presenting sign in all of our patients with hypogonadism, and a high percentage of these patients were female (62.5 vs 37.5%). The risk of gonadal failure is known to increase with cumulative doses of gonadotoxic therapies (radiation and/or alkylating agents). However, the relative contribution of high-dose conditioning chemotherapy to gonadal failure in our patients was difficult to establish, because the majority who were treated for malignant disease received chemotherapy before BMT.
In both the male and female patients, the incidence of hypogonadism was higher in those with hematological malignancies than in those with other underlying diseases, perhaps owing to the specific treatment required.
Young boys and male adolescents who receive cyclophosphamide alone or TBI-based preparative regimens appear to retain normal Leydig cell function with normal plasma levels of testosterone. However, they have evidence of germ cell dysfunction, with increased plasma levels of FSH and a reduced testicular volume, which correlates with impaired spermatogenesis. 33 The chemotherapy-induced germ cell damage may be more common in those treated during or after puberty than in prepubertal males.
Pubertal girls treated with busulfan and cyclophosphamide are at a very high risk of developing ovarian failure. 5, 15, 34 The outcome of ovarian function following TBI appears to be determined by the age of the patient at the time of irradiation. Previous data indicate that approximately 50% of prepubertal girls given TBI will enter puberty spontaneously and achieve menarche at a normal age, 35 whereas almost all female patients who are more than 12 years old at the time of TBI have ovarian failure, probably because of the decreased number of primordial follicles. 35 We found that hypogonadism was significantly associated with conditioning with TBI or TAI, but not with the type of conditioning chemotherapy, perhaps owing to the high percentage of patients who received alkylating agents. Older age and advanced pubertal stage at BMT were both significantly associated with hypogonadism, although Teinturier et al. 36 found that high-dose busulfan is a major cause of ovarian failure, even when given in the prepubertal period without TBI or abdominal or pelvic radiotherapy.
Diabetes and parameters of the metabolic syndrome Disturbances of insulin-related metabolism occur less often than other endocrine disturbances after BMT. In our series, the rates of type II diabetes and IGT were 3.3% each, and of dyslipidemia 27.9%. In only 4.4% of our patients BMI-SDS was 42 s.d. Accordingly, Lorini et al. 37 reported that all of their 34 patients undergoing BMT for hematological malignancies, of whom 24 had received a combination of cytotoxic drugs and TBI, had normal glucose levels on intravenous glucose tolerance test and a normal HbA1C concentration, with significantly elevated levels of insulin. The highest insulin levels were noted in the patients who received preparation with both cytotoxic drugs and TBI.
Taskinen et al., 8 in a series of 23 long-term survivors of BMT (median age 20 years), reported a higher prevalence of insulin resistance (52%), IGT (26%), type II diabetes (17%) and signs of the metabolic syndrome (39%) even in those of normal weight and young age.
In our group, there was a significant association between presence of diabetes and irradiation as part of the conditioning therapy, but the mechanism is unclear. This association was not demonstrated in the series of Taskinen et al. 8 The latter authors also found that the frequency of insulin resistance increased with the time since BMT and presence of chronic GVHD, whereas we failed to note a significant association between the development of diabetes or IGT and age at BMT, time since BMT, presence of chronic GVHD or family history of type II diabetes.
It has long been recognized that steroids can induce diabetes usually during the treatment period. 38, 39 However, in our series, corticosteroid therapy, in all the patients with diabetes and in one with IGT, was administered before transplantation, several years before development of the disease. Two of our patients with diabetes and one with IGT had hepatitis C infection, and this may have been the cause of the impaired glucose metabolism as previously reported, 40, 41 and not the BMT. This study has some limitations. First, the findings are limited somewhat by the relatively small number of patients who achieved final adult height at the latest evaluation, and by the many patients who were still prepubertal at the last assessment. The relatively young age of our patients may also have had a significant impact on the incidence of metabolic disorders. It is likely that a larger cohort with longer follow-up would provide more useful information. The second limitation is the study's retrospective design, as the clinical and laboratory assessments were not optimal. Thus, the differences in the rates of diabetes and IGT from previous reports may be attributable to our performance of OGTT only in patients with impaired fasting glucose, randomly elevated levels of glucose, obesity, acanthosis nigricans or clinical signs such as polyuria or polydipsia. Third, we did not perform a routine annual thyroid ultrasound scan in all patients to detect structural changes or nonpalpable nodules. Finally, GH deficiency was diagnosed by stimulation tests in 11% of our patients. However, the tests were performed only in patients exhibiting short stature or reduced growth rate with marked growth deceleration. Thus, the real prevalence of these disturbances may be underestimated.
In summary, our study suggests that patients after BMT tend to have growth disorders, thyroid and gonadal dysfunctions, and some laboratory features of the metabolic syndrome. Even though final cure is the ultimate goal of BMT, treatment regimens will probably have long-term endocrine implications. Therefore, patients require life-long follow-up to detect and treat any endocrine and metabolic dysfunctions and to maintain their quality of life.
